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2.3.4 MOISTURE

Because absorption of moisture by cross-linked polymers can reduce their strength by 25 % to
30 % and may result in microcracking of the adhesive and delamination, it is important to allow
the structure to “breathe”, i.e., moisture vapor to escape. Thus, open-weave fabric is preferable
to close-weave, although the application of the polymer matrix resin reduces considerably the
actual size of the openings. For the same reason, tapes or straps are preferable to continuous
fabric. A continuous horizontal tape located at the base of a wall should be avoided if rising
dampness is a problem (Christensen, Gilstrap and Dolan 1998).

Trapped moisture may go through cycles of freezing and thawing, and as liquid water expands
9 % upon freezing, this process can be especially damaging in porous materials, such as masonry,
leading to cracking, spalling and eventual disintegration. Moisture has an even more adverse
effect on bond, when it acts in conjunction with high temperatures. For these reasons, some
manufacturers recommend that moisture content in the substrate be less than 4 % for optimal use
of their adhesive resins. This is not a stringent requirement, as soft bricks have a moisture content
of about 1 % of volume in 40 % relative humidity (Christensen, Gilstrap and Dolan 1998).

2.3.5 FIRE RESISTANCE

Polymeric materials are organic in nature and are all flammable to one degree or another.
However, building codes have found the use of these materials in buildings acceptable in at least
two instances: one is the use of plastic foam insulation, either within the cavity or on the outer
face of an exterior wall, provided the interior of the building is separated from the foam insulation
by an approved thermal barrier. Composite fibers and resins have fire and smoke properties
similar to those of plastic foam insulation, and the masonry wall could serve as the thermal barrier
(Christensen, Gilstrap and Dolan 1998). The use of FRP composites on the exterior faces of walls
should therefore be acceptable.

The second instance of the use of plastic in commercial buildings is in tensioned membrane
structures, which are typically glass fibers with a Teflon coating. Tensioned membrane roofs are
routinely approved for various occupancy types (Christensen, Gilstrap and Dolan 1998).

An important test for the fire safety of building materials is the Standard Test Method for Surface
Burning Characteristics of Building Materials ASTM E 84 (UL 723, NEPA 255 and UBC 42-1
are similar). This test evaluates flame spread and smoke developed over a 10 minute fire
exposure. Building materials are limited to a maximum flame spread index of 25 (with red oak
as 100 on this scale) and a maximum smoke developed of 450. For the two examples mentioned
above, plastic foam insulation has indices of flame spread of 5 and smoke developed of 165. The
manufacturer of the membrane roof of a recently completed major U.S. international airport
claims a maximum flame spread and smoke contribution of 10 for its product. Another data point
is provided for an epoxy (used in FRP structural repair) that produces maximum flame spread and
smoke developed of 5 (Christensen, Gilstrap and Dolan 1998).
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As far as toxicity of combustion products is concerned, FRP are in the “normal range”. Kevlar'
produces combustion gases similar to those of wool: carbon dioxide, water and oxides of
nitrogen. Unfortunately, the combustion of Kevlar' may also produce carbon monoxide,
hydrogen cyanide and other toxic gases (Christensen, Gilstrap and Dolan 1998).

High temperatures can be a problem, even in the absence of fire. Surface temperatures of masonry
can reach 60 °C (140 °F), and darker surfaces can reach 70 °C (165 °F) or higher in warm
climates. For comparison, an epoxy used with CFRP has a glass transition temperature (at which
it begins to soften) of 53 °C (128 °F) (Christensen, Gilstrap and Dolan 1998).

Although the above discussion focuses on walls, some of the concemns for the fire resistance of
FRP apply to RC beams and columns as well. More research is needed on the behavior at high
temperatures of FRP composites bonded to concrete or masonry substrates. This will help in
obtaining the acceptance of these materials by building code officials.

2.3.6 OTHER ISSUES

o  size effect in testing: Is there a size effect, and if so, how to account for it in tests? This issue
is common to beams, columns and walls, but is probably more acute in walls because of the
higher costs of wall tests, and the size of bricks or masonry blocks being the same in full or
reduced scale tests.

¢ UV protection: Concern for fire protection and the emission of toxic combustion gases would
encourage the use of FRP on the external faces of walls. Protection against ultraviolet
radiation may therefore be necessary, especially for Aramid fibers, which may otherwise
discolor in the short term and lose strength in the long term. Various coatings may be
necessary for architectural reasons as well.

2.3.7 SUMMARY OF RESEARCH NEEDS

Although much progress has been achieved, more research is needed:

+ to develop design methods on the use of FRP to strengthen wall elements, especially to
ensure ductile behavior and proper anchorage.

e to improve fire resistance and to provide data to encourage adoption of FRP by building
codes.

The workshop participants agreed that it would be useful to collect test results from universities
such as Arizona, California Irvine, California San Diego, Georgia Tech, SUNY Buffalo, Iowa
State, California State Long Beach, Wyoming, Missouri-Rolla, etc. for a critical review of the
state of the art.

! Trade or manufacture’s names appear herein because they are essential to the objectives
of this document. The United States Government does not endorse products or manufacturers.
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2.4 OVERALL SUMMARY AND CONCLUSIONS

A number of recurrent themes are common in the discussions of the three working groups. They

are:;

Design methods and standards: In order of progress of the state of the art, retrofit of
columns is the most complete, followed by beams, and lastly, walls.

Bond and anchorage: Proper bond of the FRP composites to the concrete or masonry
substrate is crucial to their efficient performance. Correct assessment of the quality of the
surfaces to be repaired, and good control of the quality of field installation are desirable.
Design for ductility: This is especially important due to the brittle nature of FRP
composites, concrete and masonry.

Fire resistance: This is important for the expansion of the use of FRP composites from
highway bridges to buildings.

Material safety (knock-down) factors: The data base for such factors is limited, yet they
are crucial for a safe and economical design.

The workshop participants encouraged NIST to be active in resolving all these issues, to serve
as a national research resource and repository of data on the use of FRP composites in
infrastructure.
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